
Bohn, Brent 

From: Lee, Janice 
Sent: 
To: 

Tuesday, June 24, 20141:23 PM 
Powers, Christina 

Subject: FW: ICCVAM Working Group on Arsenic Toxicity 

Here's the info I was telling you about. Looks lil~e this is part of niehs/ntp? 
Interesting ..... . 

From: Cowden, John 
Sent: Wednesday, June 04, 2014 3:58 PM 
To: Lowit, Anna; Sams, Reeder 
Cc: Lee, Janice 
Subject: RE: ICCVAM Working Group on Arsenic Toxicity 

Hi Anna, 

Happy Wednesday II hope that things are going well for you today. 

Thanks for the heads up I We would definitely be interesting in hearing about this work. 

Have a great afternoon! 

John 

John Cowden, Ph.D. 
Hazardous Pollutant Assessment Group (HPAG) 
National Center for Environmental Assessment (NCEA) 
U.S. Environmental Protection Agency- RTP 
(919) 541-3667 

From: Lowit, Anna 
Sent: Wednesday, June 04; 2014 3:52 PM 
To: Sams, Reeder; Cowden, John 
Subject: Fw: ICCVAM Working Group on Arsenic Toxicity 

Hey guys 

Have u seen this? 

. ------
From: Neepa Choksi <nchoksi@ils-inc.com> 
Sent: Wednesday, June 04, 2014 3:27:35 PM 
To: McCarroll, Nancy; diego.rua@fda.hhs.gov: jmatheson@cpsc.gov: Suzanne.Fitzpatrick@fda.hhs.gov; 
mgm4@CDC.GOV; Lowit, Anna; Elizabeth Maull; Warren Casey 
Cc: Dave Allen; Brett Jones . 
Subject: ICCVAM Working Group on Arsenic Toxicity 

Hello-
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As a follow up to the last ICCVAM meeting, I am contacting you based on your expressed interest in participating in an 
ICCVAM agency working group that will focus on developing adverse outcome pathways for arsenic toxicity. Given the 
widespread interagency interest In arsenic toxicity, this group will provide a forum to collaborate and gather information 
needed to build AOPs for the multiple health effects associated with exposure to arsenic. We'd like to convene an 
organizational teleconference to begin this dialog and establish a focus and charge for the group. With that in mind, you 
should receive an invitation from Meeting Wizard shortly with proposed dates and times for the teleconference. 

Teleconference connection information and a meeting agenda will be forwarded prior to the meeting. As previously 
indicated, if you believe that there are other individuals that would be interested in participating on this group, please 
let me know and I will include them on future distributions. 

Please feel free to contact me with any questions or concerns. 

Sincerely, 
Neepa Choksi 

Neepa Y. Choksi, Ph.D. 
Senior Toxicologist 
Integrated Laboratory Systems, Inc. 
P.O. Box 13501 
RTP, NC 27709 
(919) 281-1110 x421 
(919) 544-5091 (fax) 
nchoksi@ils-inc.com 
www.ils-inc.com 

THIS MESSAGE IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, AND PROTECTED FROM DISCLOSURE UNDER LAW. If you are not the addressee, or a person authorized to deliver the document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying, or other action based on the content of this communication is not authorized. If you have received this document in error, please immediately notify us by email or telephone. 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hey Janice, 

Powers, Christina 
Tuesday, June 24, 2014 1:14PM 
Lee, Janice 
Powers, Christina 
Vascular MOA info 
2014 06 05 MOA Table Vascular Remodeling- draft_CP2.docx; 2014 06 05 Hypothesized MOA Vascular Mechanisms_CP2.docx 

Attached is the draft table and summary of vascular MOA information that Lauren and John have been working on. There are a multitude of track changes included so it's probably easier to look at it with "no changes showing". 

Let me know if any other info would be helpful! 

Cheers, 
Christy 
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Bohn, Brent 

From: Jones, Ryan 
Sent: Monday, July 28, 2014 4:49PM 
To: 
Subject: 

Powers, Christina; Lee, Janice; Cowden, John 
RE: iAs MOA lit search 

Attachments: MOA tags.xlsx; 2014 04 09 iAs Susceptibility for MOA Literature Categorization (2).docx; 2014 04 03 iAs MOA Literature Categorization (3).docx 

These are the files I was given for keywords 

From: Powers, Christina 
Sent: Monday, July 28, 2014 2:22 PM 
To: Jones, Ryan; Lee, Janice; Cowden, John 
Cc: Powers, Christina 
Subject: iAs MOA lit search 

Hi Ryan, 

Thanks so much for your helpful insight during today's call discussing the mode of action lit se.arch. Would you mind sending all of the keyword lists that you've tagged the MOA cluster with? I just want to double-check how they align and make sure I'm correctly identifying the lists that you received from John, myself and Janice. 

Thanks II 
Christy 

Christy Powers 
Biologist 
National Center for Environmental Assessment (B 220-1) 
Office of Research and Development 
U.S. Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail: powers.christina@epa.gov 

Notice (If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, schedule, or terms and conditions of the contract. If the receiver does construe it otherwise, please notify me immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: 
Sent: 
To: 
Subject: 

Joca, Lauren 
Monday, July 28,2014 2:57PM 
Powers, Christina 
I've updated the permissions on my shared calendar 

Microsoft Exchange Calendar: 
Joca, Lauren- iAs AOP Team Action Items 
Joca, Lauren (Joca.Lauren@epa.gov) has invited you to view his or her "iAs AOP Team 
Action Items" calendar. 

Joca, Lauren (Joca.Lauren@epa.gov) has invited you to view his or her 'iAs AOP Team Action Items' Calendar. 

For instructions on how to view shared folders on Exchange, see the following article: 
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Bohn, Brent 

From: 
Sent: 
To: 
Subject: 

Joca, Lauren 
Monday, July 28, 2014 2:29PM 
Powers, Christina 
I'd like to share my calendar with you 

Microsoft Exchange Calendar: 
Joca, Lauren - iAs AOP Team Action Items 
Joca, Lauren (Joca.Lauren@epa.gov) has invited you to view his or her "iAs AOP Team 
Action Items" calendar. 

Joca, Lauren (Joca.Lauren@epa.gov) has invited you to view his or her 'iAs AOP Team Action Items' Calendar. 

For instructions on how to view shared folders on Exchange, see the following article: 
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Bohn, Brent 

From: Powers, Christina 
Sent: Monday, July 28,2014 2:22PM 
To: 
Cc: 

Jones, Ryan; Lee, Janice; Cowden, John 
PoVJers, Christina 

Subject: iAs MOA lit search 

Hi Ryan, 

Thanks so much for your helpful insight during today's call discussing the mode of action lit search. Would you mind 
sending all of the keyword lists that you've tagged the MOA cluster with? I just want to double-check how they align and 
make sure I'm correctly identifying the lists that you received from John, myself and Janice. 

Thanks II 
Christy 

Christy Powers 
Biologist 
National Center for Environmental Assessment (B 220-1) 
Office of Research and Development 
U.S. Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail: powers.christina@epa.gov 

Notice (If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, 
schedule, or terms and conditions of the contract. If the teceiver does construe it otherwise, please notify me 
immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: 
Sent: 
To: 

Turley, Audrey <Audrey. Turley@icfi.com> 
Monday, July 28, 20141:30 PM 
Powers, Christina 

We just need to see the key word list! 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hi Jeff et al., 

Lee, Janice 
Monday, July 28, 2014 11:14 AM 
Gift, Jeff; Kirrane, Ellen; Luben, Tom; Mendez Jr, William; Cowden, John; Sams, Reeder Turley, Audrey; Blain, Robyn; Powers, Christina 
201 0 arsenic noncancer draft with Appendices 
Arsenic_noncancer_0~09-2011.docx 

Attached is the noncancer draft from 2010. The summary that Bill mentioned for the Kwok study is in Appendix D. 

Janice 
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Use of mode of action data to inform a dose-response assessment 
for bladder cancer following exposure to inorganic arsenic 
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ABSTRACT 

In the recent National Research Council report on conducting a dose-response assessment for inorganic 
arsenic. the committee remarked that mode of action data should be used. to the extent possible, to 
extrapolate below the observed range fcir epidemiological studies to inform the shape of the dose
response curve. Recent in vitro mode of action studies focused on understanding the development of 
bladder cancer following exposure to Inorganic arsenic provide data to Inform the dose-response curve. 
These In vitro data, combined with results of bladder cancer epidemiology studies, Inform the dose
response curve in the low-dose region, and include values for both pharmacoklnetic and pharmacody
namic variability. Integration of these data provides evidence of a range of concentrations of arsenic 
for which no effect on the bladder would be expected Specifically, Integration of these results suggest 
that arsenic exposures In the range of 7-43 ppb In drinking water are exceedingly unlikely to elidt 
changes leading to key events in the development of cancer or noncancer effects In bladder tissue. These 
findings are consistent with the lack of evidence for bladder cancer following chronic ingestion of arsenic 
water concentrations <100 ppb in epidemiological studies. 
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45 1. Introduction 

46 A salient feature of the extensive environmental health arsenic 
47 literature is the large number of human observational studies 
48 available that describe both cancer and noncancer effects assod-
49 ated with environmental arsenic exposure whereas traditional 
50 standard rodent studies have been only moderately supportive in 
51 illustrating adverse effects that parallel those observed in humans. 
52 Epidemiology data in human populations exposed to arsenic for 
53 multiple generations provide clear evidence of cancer and noncan-
54 cer effects at drinking water exposures above 100 ppb (Chen et al., 
55 198fi, 2010a, 2010b; IARC. 1987, 2004; NRC. 1999, 2001; Ferreccio 
56 Q2 et al., 2000; Karagas et al., 2001; Yuan et al., 2010). However, the 
57 potential for adverse effects at lower concentrations remains con-
58 tentious due to the possible impact of exposure misclassification at 
59 low exposure levels as well as other possible confounders that 
60 include both genetic background and lifestyle factors (Bates 
61 et al.. 1995; Guo et al., 1997; Lewis et al., 1999; Chiou et al .. 
62 2001: Steinmaus et .11., 2003; Karagas et al., 2004: Lamm et al., 

• Corresponding author. Tel.: +1 318 398 2083; rax: +1 318 325 4889. 
E-maU address: rgcntryf!!lcnvironcorp.com (P.R. Gentry). 

http://dx.doi.org/1 0.101 6/j.tiv.2014.05.01 1 
0887-2333/C 2014 Elsevier Ltd All rights reserved. 

2004: Han et al., 2005; Baastrup et al., 2008; Meliker et al., 
2010). Thus there is general agreement that the evidence for 
arsenic health effects is strong at high drinking water concentra
tions, but characteristics of response at drinking water exposure 
values below 100 ppb remain controversial. The lack of informa
tion available to characterize the dose-response curve below this 
concentration leads to difficulty in resolving what constitutes a 
"safe" level of arsenic exposure. 

In conducting a cancer risk assessment under the latest regula
tory guidelines (EPA, 2005), an understanding of the mode of 
action is critical for selecting the appropriate approach for low
dose extrapolation. For compounds, such as arsenic, a significant 
database regarding the mode of action for cancer development is 
available that may provide the ability for rttore complex 
approaches for low-dose extrapolation, such as the development 
and application of a biologically based dose-response model 
(Kitchin and Conolly, 2010). This type of model would integrate 
all of the quantitative information relevant for estimating an 
acceptable concentration. However, because this approach 
requires a significant amount of data to both develop the model 
and then independently confirm it with extrinsic data sets, the 
likelihood that such an extensive database will be available for 

Please dte t1ris article in press as: Geutry, P.R.. et al. Use of mode of action data tn iuform a dose-response UHS"""''t far bladder cmcer following eKlJGsure to inorganic arsenic. Toxicol. in Vitro (2014), http://dx.dni.org/10.1016fj.tiv.2014.05.D1 1 

42 

43 

63 
64 

65 
66 
61 
68 
69 
70 
71 

72 
73 
74 

75 
76 

n 
78 
79 
80 
81 
82 
83 
84 



T1V 3321 

19June 2014 
No. of Pages 10, Modal SG 

2 P.R. Gently et al/TOitfcology In Vitro lOOt (2014) IOOC-IOOC 

85 inorganic arsenic in a timeframe that would assist current quanti-
86 tative risk assessments is unlikely. Therefore, it becomes critical to 
87 develop an approach that relies solely upon the currently available 
88 scientific data (in vivo, in vitro and epidemiological) for arsenic 
89 compounds to determine the dose-response curve for effects from 
90 arsenic exposure. 
91 Although considerable information on mode of action is available 
92 for inorganic arsenic (Li and Rossman, 1989; Yager and Wieneke, 
93 1993, 1994: Snow et al .. 2005: Wei et al., 2005; Cohen et al., 2006, 
94 2007; Qin et al., 2008; Straif et al.. 2009; EFSA, 2009; Gentry et al., 
95 2010), these data have not been integrated into a harmonized 
96 dose-response assessment approach. It is important to note that 
97 the available data do not suggest arsenic is a direct-acting mutagen 
98 (ATSDR, 2007; Klein et al., 2007; Kitchin and Wallace, 2008; EFSA. 
99 2009) but that it does react directly with cellular proteins (Kitchin 

100 and Wallace, 2005, 2008; Benton et al., 2011 : Zhou et al., 2011). 
101 In the recent review of the current United States Environmental 
102 Protection Agency (EPA) draft Integrated Risk Information System 
103 (IRIS) assessment for arsenic (NRC, 2013); the Committee noted 
104 that epidemiologic data are expected to serve as the basis for the 
lOS dose response analyses for inorganic arsenic performed for most 
106 end points. Importantly, the Committee further noted that should 
101 the data in the range of observation be inadequate for developing 
108 risk estimates that meet EPA's needs, mode-of-action data should 
109 be used to the extent possible to extrapolate below the observed 
110 range. The Committee further commentt:d on the importance of 
1.11 understanding interhuman variability and asserted that mode of 
112 action data can be used to guide modeling qualitatively in th!! 
113 low dose region and also in considering susceptibility even if the 
114 mode of action cannot be firmly established. 
11 s Based on recent research related to genomic responses and can-
116 cer, it has been suggested that the dose-response assessment for 
117 cancer risk assessments could be based upon quantltation of 
118 molecular endpoints, or "bioindicators" of response, selected on 
119 the basis of their association with events that are known to be nec-
120 essary to occur prior to the development of tumors (Preston, 2013~ 
121 A critically important milestone in the use of mode of action data 
122 has also been reached with the demonstration that concentrations 
123 associated with changes in gene expression for selected com-
124 pounds are in concordance with concentrations associated with 
12s· apical endpoints (Thomas ct al., 2013), and that transcription per-
126 turbation does not occur at significantly lower doses than apical 
121 responses. 
128 A framework for a quantitative dose-response approach to 
129 define the shape of the dose-response curve in the low-dose region 
130 can thus be developed based on the foregoing concepts. Applica-
131 tion of available arsenic health effects data, combined with anum-
132 ber of scientific tools (e.g.. genomics, toxicology, human 
133 pharmacokinetics) provides for an approach as an alternative to 
134 the assumed default linear extrapolation of effects at low expo-
135 sures derived solely from effects observed at considerably higher 
36 arsenic exposure concentrations. The application of these data then 
37 allows for the identification of a point of departure (POD) that can 
38 then be integrated with known pharmacokinetic and pharmacody-
39 namic variability to provide quantitative information designating 
40 the lowest concentrations at which arsenic begins to perturb bio-
41 logical pathways. 

42 2. Methods 

43 2.1. Identification of a point of departure 

~4 A series of studies has been conducted to provide sequential 
$5 illumination of important aspects of arsenic's mode of action at 
'6 the genomic molecular level at relatively low doses (Gentry 

et al., 2010; Clewell et al., 2011; Yager et al .. 2013a, 2013b). Arsenic 
Is a known human bladder carcinogen at drinking water exposures 
>100 ppb (Chen et al., 1988; Cuzick et al., 1992; Chiou et al., 1995; 
Tsuda et al., 1995; Hopenhayn-Rich et al., 1996; Steinmaus et al., 
2003) and so this Internal organ was chosen as the first target 
organ upon which to conduct focused mode of action research. This 
research has focused not only on genomic changes following short
term exposures to inorganic arsenic and its major metabolites, but 
also changes in these cellular genomic alterations with time. The 
research was initiated with a critical review of the available 
in vitro genomic literature to integrate ·the available dose-response 
information in the low concentration region (Fig. 1 ). Studies were 
then designed to provide important low exposure (dose) informa
tion about changes at the cellular level across a gradient of low 
exposures and across time at those doses. A parallel study is cur
rently underway focused on human lung cells, as the lung is also 
an internal target organ for cancer following high arsenic expo
sures by either inhalation or ingestion (Welch et al., 1982; 
Enterline et al., 1987; Ferreccio et al:, 2000; Chen et al., 2004; 
Mostafa et al., 2008; Chen et al., 2011). 

2.2. Critical review of arsenic in vitro lirerature (Gentry eta/., 2010) 

An initial comprehensive literature review was conducted to 
identify information on gene expression or protein expression 
changes related to specific multiple inorganic arsenic exposure 
concentrations in a variety of mammalian cells in culture (that is, 
experiments fundamentally conducted in the test tube) (Gentry 
et al., 2010). Results from three principal mammalian cell types 
were grouped by category: primary cells (normal cells); immortal
ized cells (cells stimulated to grow for long periods In culture by 
Insertion of portions of a virus into the cells or by other means); 
or tumor cells (cells derived from human tumors that will also 
grow in culture for long periods of time~ Changes in gene or pro
tein expression in the treated cells were grouped by functional cat
egory (for example, those representing oxidative stress, 
proteotoxicity, inflammation, cell cycle checkpoint control, DNA 
repair activities, and cell survival or cell death). For each gene or 
protein expression change, the lowest concentration associated 
with a significant change was identified, and then comparison of 
the changes by functional category and dose was conducted. A 
principal finding from this review of results in cells from tissues 
in a number of mammalian species was that the mode of action 
included inhibition of repair processes in the cell. In addition, the 
gene changes observed across different mammalian cells and cells 
from different organs exhibited a transition in response from one 
of adaptation In response to arsenic exposure at low concentra
tions transitionlng to gene expression changes that reflect frankly 
toxic effects at higher concentrations (Fig. n 
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Fig. 1. Evaluating mode of action: Inorganic arsenic. 
Please dte this article in press as: Gentry, P.R.. et al. UJe of mode Gf actioa datil m .iafonn a dose-A!S})ODSI! assessment for bladder c:aru:er l'aUawing ftl'osure to inorganic arsenic. Toxicol in Vitro (2014 ), bttp://dx.doi.org/10.1Dl 6/j.tiv.2014.fl5.011 
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2.3. Mouse in vivo study (Clewell et al .. 2011) 

An in vivo sub-chronic (90 day exposure) study was then con-
ducted in groups of mice exposed to Inorganic arsenic in drinking 
water at concentrations of 0, 0.5, 2, 10, or 50 mg/L (Clewell et al .. 
2011 ). Analyses of gene expression changes In the bladder were 
conducted at 1 and 12 weeks after the Initiation of exposure. 
Changes in the direction of gene expression (increased or 
decreased) and expression of relatively different genes were noted 
between concentrations and between 1 week and 12 weeks 
(Fig. 3 ). The genomic results In the mouse bladder were overall 
consistent with the findings from the literature review (Gentry 
et al., 2010). The functional categories of affected genes provided 
no evidence of a linear exposure-response across the doses. In fact. 
there was strong evidence of a concentration-dependent transition 
at a drinking water concentration of 2 mg/L which is equivalent to 
an inorganic arsenic concentration of 0.1 J.IM in the urine as deter-
mined by analysis of urinary arsenic species In these exposed 
animals. 

2.4. Human in vitro studies (Yager et aL, 2013a, 2013b) 

Studies have been conducted in vitro by Yager et al. (2013a, 
2013b) in primary human uroepithelial cells froin multiple normal 
individuals to investigate the mode of action for bladder cancer fol-
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lowing exposure to inorganic arsenic compounds across a wide 
range of concentrations. Differentiated cells were treated with 
mixtures of. inorganic arsenic and its pentavalent or trivalent 
metabolites at total arsenic concentrations ranging from 0.06 J.IM 
to 18l!M. Following arsenic exposures, results from human pri-
mary urothelial cell gene expression microarray analyses and 
genomic pathway Investigations are consistent with data on other 
chemical stressors, In that there appears to be a transition from an 
adaptive state at low concentrations to an Impaired state at higher 
concentrations (Snow et al., 2005; West and Marnett, 2005; 
Gilmour et al., 2006). Benchmark dose modeling of results from 
these in vitro studies Identified a range of concentrations at which 
this transition occurs in human bladder target cells, with trivalent 
arsenic mixtures exhibiting slightly more potency than mixtures 
containing pentavalent species as expected (Table 1 ~ This range 
of concentrations also represents potential pharmacodynamic var-
lability since the study reJied upon samples of bladder tissue from 
multiple individuals. 

Benchmark dose analyses on gene expression results in this 
study) (Table 1) Indicate benchmark dose lower confidence limits 
(BMDLs) 0.09-058 J.1M for total arsenic in trivalent arsenical mix-
tures: and 035-1.7 J.IM for total arsenic in pentavalent mixtures. 
Lower BMDLs for trivalent versus pentavalent mixtures is consis-
tent with the published literature (Wang et al., 2007: Nasdmento 
et al., 2008: Vahidnia et al., 2008) that suggests trivalent arsenic 
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NOTE: Empty cells do not indicate a lack of studies conducted at that concentration range, 
rather they indicate no statlsticaly significant changes In up or down regulation of genes or 
proteins evaluated. studies are categorized into specific concentrations. The actual range of 
concentrations is provided in footnotes. 
'Administration of O.OOS to 0.01 J,IM included 
2(Hamadeh et al. 2002) 
3(Parrish et al. 1999) 
4Administration ofO.l to 0.5 J.IM induded 
5(Liao et al. 2004) 
'Administration of 1.0to 2.5 p.M induded 
7(Sturlan et al. 2003) 
1(Hiarnoet al. 2003) 
9(Wijeweera et al. 2001) 
10(Kao at al. 2003) 
u(wang and Proud 1997) 
u(Shimizu et al. 1998) 

1S(Lau et ai. 2004b) 
14(Vih and Lee 2000} 
11(Administration of 6 to 13 p.M Included 
11(Jaspers at al. 1999} 
11(Rea et al. 2003) 
li(Barchowslcyetal.1999b) 
:~~~Administration of30to 100p.M included 31(Garrett et 
al. 2001) 
ZZ(Mengesdorf et al. 2002) 

FJ&, 2. Dose-response relationships for the In vitro effects of arsenic- transition from adaptive responses to toxldty between 0.1 and 1.0 11M (Gentry et al .. 2010). 
Please dte this artide in press as: Gentry, PR.. et aL Use of mode of actien data to.infurm a dose-I'J!SfiUIIII! went tbr bl.1dder am:er·following elGf)~ sure to inorganic arsenic. Taxicol. in Vitro {2014). http://dx.doi..orgj10.10l6/j.tiv.2014.05.D1 1 
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Fig. 3. Number of genes significantly down regulated (dark grey) or significantly 
upregulated (light grey) as a function of drinking water concentration at weeks 1 
and 12 at 10 and 50 ppm (Clewell et al., 2011 ~Significance was defined as ±1.5-fold 
and q value <0.05. 

spedes are more toxic than pentavalent arsenic species as previ
ously mentioned. 

Benchmark doses (BMDs) and BMDl.s varied by an approximate 
factor of three across individuals, which is consistent with the 
default adjustment factor of 3 typically used for adjustment for 
interhuman pharmacodynamic variability (EPA, 1993: IPCS, 
2005 ~ These' BMDLs represent "no effect" concentrations, at which 
no changes in gene expression were observed in respo'nse to 
arsenic exposure. Using an alternative statistical method for anal
ysis, the authors were also able to confirm consistent no observed 
effect levels (NOELs) ranging from 0.18 ~to 1.8 ~total arsenic 
concentration for these same genes. 

The foregoing study utilized 24 h in vitro treatment times. A fol
low-up study has been conducted with primary human uroepithe
Jial cells in culture using a similar study protocol, but this time 
cells were treated for periods of up to 60 days (Yager et al., 
201 3b: manuscript in preparation). Results of serial genomic anal
yses conducted at 10, 20, 30,40 and 60 days of exposure were con
sistent with previous results in that there was a general pattern of 
progression from cellular genomic pathways assodated with 
inflammation, cell adhesion and growth regulation to pathways 
associated with DNA damage and apoptosis. 

2.5. In vitro to in vivo extrapolation 

Because concentrations of arsenic species administered in the 
in vitro studies were based on available information on the ratio 
of these species in vivo and conducted in primary bladder cells, 
extrapolation of the POD identified from the in vitro studies to 
in vivo can be readily conducted. These concentrations are consis
tent with ratios of trivalent and pentavalent urinary arsenic species 
reported in epidemiological studies (inorganic arsenic (iAs): mono
methlarsonous acid (MMA): dimethylarsinate (DMA) ratios of 
1:1:4) (IJel Razo et al., 1997: Mandai et al., 2001). Concentrations 
from in vitro studies, found in Table 2, (Yager er al., 2013a) can 
be conservatively assumed to represent the concentrations in the 
urine that would be in contact with the urinary bladder. Based 
on this idea, extrapolation of in vitro to in vivo urinary concentra
tion PODs can be carried out. 

In Vitro Concentration {JlM) x Molecular Weight 
Urine Concentration (Jlg/L) 

2.6. Contribution of trivalent and pentavalent species 281 

A review of the literature was conducted to identify studies 282 
from human populations characterizing the fraction of arsenic spe- 283 
cies in the urine of individuals exposed to drinking water contain- 284 
ing arsenic. Since the in vitro testing was conducted with arsenic 285 
mixtures containing trivalent or pentavalent species separately, 286 
but in the same proportions as are present as metabolites in the 287 
urine of humans exposed to arsenic, the NOELs or PODs for triva- 288 
lent or pentavalent arsenic are to be "weighted" to capture the 289 potential contribution from both species in the proportion as they 290 
are present in vivo. 291 

2. 7. Pharmacokinedc variability 292 

A literature review was conducted to identify studies from pop
ulations to provide data to characterize potential interhuman phar
macokinetic variability. The search was focused on studies 
providing both total arsenic concentrations in the urine and asso
ciated drinking water concentrations in order to estimate drinking 
water to urine ratios. This allows for the estimation of drinking 
water concentrations assodated with the POD, expressed in uri
nary concentration from the in vitro data, without the application 
of a complex model. Consideration of the ranges in the ratios also 
provides an estimate of a range of potential drinking water concen
trations assodated with the POD, characterizing interhuman vari
ability in pharmacokinetics. 

2.8. Estimation of an acceptable drinking water concentration 

Using the results of the in vitro gene expression studies, in com
bination with the results of the Information identified In the avail
able published epidemiological literature, an acceptable drinking 
water concentration was estimated. This drinking water concen
tration was estimated based on the estimated range of in vitro 
NOELs, which provide an estimated of interhuman variability in 
pharmacodynamics. In addition, data from the epidemiological lit
erature that provided information to estimate interhuman variabil
ity in pharmacokinetics was considered. The resulting in vitro to 
in vivo extrapolation identifies a range of estimated drinking water 
concentrations that reflect arsenic concentrations at which no 
effect on cellular genomic pathways in human bladder cells 
in vivo would be expected. 

3. Results 

3.1. Points of departure from in vitro data 

The genomic response study conducted by Yager et al. (2013a) 
showed significant changes in expression of the most common 
genes affected across individuals at concentrations in the range 
of 0.1-1 .0 ~ total arsenic for both trivalent and pentavalent 
arsenical mixtures. The range of BMDLs determined in this study 
represents a range of NOELs at the cellular level. These are concen
trations at which no impact on cellular genomic expression path
ways were se~n to occur and also take into account interhuman 
variability in response. It is further inferred that the NOELs are 
not restricted solely to cancer effects, but rather that they provide 
concentration ranges for which NO impact of arsenic exposure 
would be expected. The NOELs thus represent PODs that can be 
used for estimation of acceptable drinking water concentrations 

· in the low exposure portion of the dose-response curve (e.g., 
~100 ppb arsenic in drinking water) at which significant risk for 
bladder cancer has not been observed in epidemiological studies. 
Thus the range of NOELs are put forward here to be applied in a risk 
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Table 1 
Comparison of genomic benchmark doses (NOELs) In human bladder cells (Yager et aL, 2013a~ 

Gene 
name 

HMOX1 

FK8P5 
TXNRD1 

MTlE 

0082 
TXN 
LGAI.S8 

TH8D 

Gene probe Description 
ld 

203665_at Oxidative stress 
response 

224840_at Protein folding 
201266_at Thioredoxin 

reductace 
212859_JLat Metallothionine 

regulation 
203409_at DNA damage sensing 
208864_s_at Thioredoxin 
208933_s_at Cell adhesion. growth 

regulation 
208934_s_at 
208935_s_at 
208936..JL.at 
210731_s_at 
21 0732_s_at 
203888_at Immune response 
203887 _s_at 
237252_at 

Trivalent 

Number or subjects 
expressing the gene/total 

10/10 

9/10 
9/10 

8/10 

8/10 
8/10 
10/10 

8/10 

assessment as a range of PODs for determining concentrations for 
which no impacts on biological pathways in the bladder would be 
expected. 

3.2. In vitro to in vivo extrapolation 

Because the arsenic mixtures administered in the in vitro stud
ies represent the mixtures present in the urine from epidemiolog
ical studies (Del Razo et al., 1997), it can be conservatively 
assumed that the in vitro concentrations described in Yager et al. 
(2013a) are equivalent to those present in the urine in vivo. This 
then requires a simple conversion of the micromolar concentra
tions to "equivalenr· urine concentrations, adjusting by the molec
ular weight. The resulting in vivo "equivalent" urine concentrations 
for the PODs determined from the in vitro data are 6.5-43.5 J,Lg/1 for 
the trivalent mixture and 26.25-127.5 J,Lg/1 for the pentavalent 
mixture. 

3.3. Contribution of trivalent and pentavalent species 

The literature search identified a study conducted by Mandai 
ct al. (2001) in which a method was developed to estimate the con
tribution of trivalent and pentavalent species in the urine. Samples 
of drinking water (N = 78) and urine (N .. 428) were obtained from 
four groups (A-D) in four arsenic-affected blocks of three arsenic
affected districts in India. Mean drinking water concentrations ran
ged from <3 to 248 ppb (Table 3~ Based on the percentages from 
these multiple areas, the trivalent species (arse
nite + MMAiii + DMAiii) represent approximately 30% of the total 
arsenic and the pentavalent species (arsenate+ MMAv + DMAv) 
represent approximately 75%. 

These data provide an estimate of the contribution of trivalent 
and pentavalent species in an approximate 1:2.5 ratio. Adjusting 
the contribution of the BMDLs by this ratio results in a weighted 
average range of BMDLs of 21-104 J.Lg/1, representing a POD 
expressed in sum (total iAs (iAslll + iAsV) +total MMA 
(MMAIII + MMA V) +total DMA (DMAIII + DMAV) of relevant 
arsenic species in urine. 

Pentavalent BMDL x 0.75 +Trivalent BmDL x 0.3 
105 

Weighted BMDL 

8MD 
range 
(f.IM) 

Pentavalent 

8MDL Number or subjects 
range (f,IM} expressing the gene/total 

0.13-0.50 0.09-033 3/5 

0.36-0.92 0.24-0.58 4/5 
032-0.75 0.21- 0.48 3/5 

0.24-0.77 0.16-0.49 4/5 

0.30-0.88 
0.26-0.76 
0.16-0.92 

0.20-0.56 4/5 
0.17-0.48 5/5 
0.11-0.58 . 4/5 

0.32-0.90 0.20-0.57 3/5 

8MD 8MDL 
range range(f.IM) 
(f,IM) 

1.6-2.7 1.1-1.7 

1.0-2.2 0.66-1.4 
2.3-2.6 1.5-1 .7 

0.53-1.7 0.35-1.1 

0.61-23 0.44-1.5 
2.0-2.4 13-1.5 
1.0-23 0.69-0.15 

0.55-2.7 037-1.7 

The lower end of the range ofBMDLs (21 J,Lg/1) is consistent with 375 
a Biomonitoring Equivalent (BE) POD for noncancer effects of 376 
19.3 J.Lg arsenic/L urine estimated by Hays et al. (2010) for the 377 
USEPA Reference Dose (RID) and the ATSDR Minimal Risk Level 378 
(MRL). A BE is a concentration of a chemical in a biological medium 379 
(blood, urine or other medium) that is consistent with an existing 380 
health-based exposure guidance value, such as an RID. Existing 381 
chemical-specific pharmacokinetic data are used to estimate bio- 382 
marker concentrations that are consistent with the POD used in 383 
the derivation of an exposure guidance value. 384 

3.4. Pharmacokinetic variability 385 

The literature search identified multiple studies conducted in 386 
various areas in Mexico and in Canada with a wide range of expo- 387 
sure to arsenic concentrations in drinking water (Del Razo et al.. 388 
1997,2011: Valenzuela et al., 2005; Normandin et al., 2013~ These 389 
studies provided mean and range of urinary sum of arsenic metab- 390 
olite species concentrations and the associated mean and range of 391 
drinking water concentrations. Using this information, the mean 392 
and ranges of arsenic drinking water to arsenic urine concentration 393 
ratios were calculated (Table 4). 394 

These data suggest a range of drinking water to urine concen- 395 
tration ratio for sum of arsenic in the urine ranging from 0.33 to 396 
2.1. The low arsenic drinking water concentration group 397 
(<1 ppb) in the Normandin et al. (2013) study results in very 398 
low drinking water to urine ratios, as low as 0.01. However, com- 399 
parison of the urinary arsenic concentrations to those in the drink- 400 
ing water indicate that these urinary arsenic concentrations are 401 
unlikely to be attributable to arsenic in drinking water alone, but 402 
likely arise from an alternate source of arsenic, such as the diet 403 
(Torres-Escribanos et al., 2008; Meliker et al., 2010; Xue et al., 404 
2010; jackson et al., 2012). Therefore, these values were not relied 405 
upon to characterize pharmacokinetic variability resulting from 406 
exposure in drinking water. The range of variability associated 407 
with drinking water ingestion also provides information on the 408 
interhuman variability in pharmacokinetics, suggesting a filctor 409 
of approximately 6, which is double the default factor of 3 typically 41 o 
used in human health risk assessments for interhuman variability 411 
in pharmacokinetics (IPCS, 2005; EPA, 1993). 412 

Adjustment of the lowest BMDL or POD for the sum of arsenic in 413 
the urine (21 J.Lg/1) by this ratio, providing an estimate of ln phar- 414 
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Table 2 
Arsenic In vitro 24 h treatment protocols (Yager et al., 2013a~ 

Treatment iAsm {IJ.M) MMA11 (JlM) OMA11 (I.IM) Total mixture {IJ.M) 
{a) Arsenite plu.s pental!alent metabolites 
Control 0 0 0 0 
1 0.01 0.01 0.04 0.06 
2 0.1 0.1 0.4 0.6 
3 0.3 0.3 1.2 1.8 
4 1 1 4 6 
5 3 3 12 18 

iAsm (11M) MMA111 (JlM) OMAm(IJ.M) Total mixture (11M) 
{b) Arsenite plu.s tril!alent metabolites 
Control 0 0 0 0 
1 0.01 0.01 0.04 0.06 
2 0.03 0.03 0.12 0.18 
3 0.1 0.1 0.4 0.6 
4 0.3 0.3 1.2 1.8 
5 1 1 4 6 

macokinetic variability, results in an estimated range of the lowest 
estimated drinking water concentrations associated with the low
est estimated NOEL equivalent The range includes the variability 
in response measured across individuals. The resulting range of 
estimated drinking water concentrations would be approximately 
7-43 j.lg/1. 

Ratio _ Drinking water concentration (J.1g/L) 
Urine concentration (J.1g/L) 

3.5. Estimation of an acceptable drinking water concentration 

Therefore, based on in vitro results, together with observed 
arsenic drinking water: urinary arsenic ratios, and taking into con
sideration available data on interhuman variability in both phar
macokinetics and pharmacodynamics, a range of drinking water 
concentrations at which no effects in the bladder would be 
expected is 7-43 j.lg/1. 

4. Discussion 

Recent in vivo and in vitro studies have been conducted to fur
ther elucidate mode of action and genomic dose-dependent transi
tions for arsenic carcinogenicity, focusing on analyzing changes in 
gene expression in bladder tissue over a wide range of biologically 
plausible concentrations of urinary arsenic species (Clewell et al~ 
2011; Yager et al., 2013a, 2013b). It is recognized that evidence 
of arsenic carcinogenicity has been reported in other tissues and 

Table4 

Table 3 
Pen:ent or total urinary arsenic concentrations for multiple arsenic species from 
arsenic affected districts in India (Mandai et al .. 200n 

MMAiii DMAIII MMAv DMAv Arsenite Arsenate 
Ptn:tnt In urine 
Group A 4 19 8 45 14 10 
Group& 4 11 10 46 13 13 
Groupe 5 21 10 44 13 8 
Groupo 2 4 11 74 8 2 
Mean 4 14 10 52 12 8 

that extension of this research to other tissues such as lung and 
liver are desirable in order to determine the existence and nature 
of dose- and time-dependent transition points in other target tis
sues. The comprehensive in vitro literature review by Gentry 
et al. (2010) found that the genomic response to arsenic was not 
tissue specific and suggested the existence of these same types of 
transitions for other mammalian tissues, however, additional 
experimental work is necessary to confirm these observations. 

This research to investigate mode of action of arsenic mixtures 
in the bladder also provides a unique opportunity for the develop
ment of an initial approach for the application of these data in a 
risk assessment The technology relied upon for this research 
(I.e.. gene-expression microarrays, high-throughput cell-based 
assays) provides a new method for assessing the impact of chem
ical exposures on the processes that control and modulate biolog
ical systems (Rhomberg, 201 0). The use of these data is critical for 
achieving the visions outlined by the National Research Council 
(NRC) (2007) to move away from animal testing toward a funda
mental understanding of the impact of chemical exposure on bio
logical systems. The use of these data Is also consistent with the 
recent recommendations from the NRC {2013) for inorganic 
arsenic, suggesting the application of these types of data to define 
the shape of the dose-response curve at concentrations lower than 
those reported in epidemiological studies. 

This study incorporates in vitro results Into the risk assessment 
paradigm, however, as illustrated herein, integration of in vitro 
results with in vivo information as was done In this study is critical. 
The estimated range of acceptable drinking water concentrations 
based on the in vitro results that would be expected to result in 
no effects on the bladder Is approximately 7-43 J.lg/1. This Informa
tion represents an original effort to define the shape of the dose
response curve below drinking water concentrations of approxi
mately 1 00 ppb, where there remains debate on the evidence 
related to bladder cancer following drinking water exposure to 
inorganic arsenic. 

Estimated arsenic drinking water to arsenic urine concentration ratios from multiple epidemiological studies. 
Reference Sum of urinary arsenic Sum or urinary arsenic (118/1) Total arsenic drinking water Drinking water to (lllfg creatinine) concentration (III/I) urine ratio 

Mean Min Max Mean/ Min Max Mean/ Min Max Mean Min Max 
median median 

llel K•>o PIal. ( 1997) (control) 19.5 14.8 26.7 24.5. 14.1. 41.7. 25 20 40 1.0 1.42 0.96 Del Ka•o "' al. (1997) (exposed) 543.8 429.3 689.4 781.9" 498.1t' 1181.6. 415 396 470 0.53 0.79 0.40 llei Ka t.n et al. ( 2011) 41.2 2.3 233.7 42.9 3.1 215.2 1.0 13 0.92 Valenzuela et al. (20115) (total population) 84.85 9.1 1398.1 so.s• 0.96b 4515.9b 77.8 1 1504 154 1.05 0.33 Valcn•uela cl oll. (2005) (exposed without skin 116 61.2 371.7 69.0b 36.4h 221.2b lesions) 
Nounandin et al. (2013) (low exposure group) 5.31 2.20 24.9 0.13 <0,02 0.88 0.02 0.01 0.04 Normandin et al. (2013) (mid exposure group) 7.01 2.68 18.9 2.7 1.0 9.8 0.39 037 0.52 Normandin et ai. (2013) (high exposure group) 18.9 5.33 108 36 11 140 1.9 2.1 1.3 

• Estimated based on the reported mean creatinine of 1438 )lg/1 and a range of 1162-1714 JII/L 
• Estimated based on the reported mean creatinine or 595 mgJL and a range or 105-3230 mg/L 
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·~ :!! Tilble 5 
Summary of bladder cancer epidemiology studies and exposure to arsenic in drinking water:' ... ~ ~i 

a» < c-
Reference Study type Exposure metric Outcome measure Number of cases/controls or population at risk Arsenic (lig/1) drinking Geographic c: ! 

s· o. 

:I 
a fit 

water concentrationb area Cll ... e. f 1 Guo et aL Ecological Water [As I estimates Incident bladder cancer cases 1972 cases in 243 Taiwan townships containing a total <330 11111 Taiwan 9 n (1 997) study 
population of 11.4 million • 2 Chiou et al. Cohort Water [As! estimates Incident transitional cell bladder cancer cases 11 cases/8102 population at risk .r;1001ig/l NETaiwan 

(2001) study 
3 Chen et aL Cohort Water (As I estimates lncident urothelial carcinoma cases 36 cases/8086 population at risk <1 00 Ill/ I (exposure NETaiwan jl (2010a, study 

range 0.15-3000 J.ig/l) 
20i 0b) 

4 Bates et al. Case- Water[As) estimates Incident bladder cancer cases 71 cases/160 controls 0.5-160 J.IK/1 Utah 

,....P! 
(1995) control s· ~ study 

~~ 
Mean5.0J.IIf/l 

5 Lewis et al. Cohort Water [As) estimates Bladder cancer mortality (SMR) Male SMRa 0.42 14-166j.1g/l Utah 

~ ., 

(1999) study ~to 
t. Female SMR • 0.81 Median and weighted ..-(I!. 

mean per county Is !r 100J.Ig/l 
:-a 5 bladder cancer cases observed/9 expected in a 
~ population at risk of 4058 
1:'1 

!a. 6 Steinmaus Case- Water [As I estimates lnddent bladder cancer cases 181(never smokers) cases/328 controls <80 J.llf/day for <30 yrs Nevada/ !l e·l et aL control 

California ~ (2003) study 
Ia .. €,2. 7 Karagas Case- Toenail [As! Incident transitional cell bladder cancer cases 383 cases/641 controls Authors estimate: New 
,... 
...... e I· et al control 

,_50j.lg/l Hampshire i 0 (2004) study 

I 
..... 8 Lamm Ecological Ground water [As) estimates (USGS) in Ufetime (75 yrs) bladder cancer mortality in 4537 observed white male bladder cancer deaths/4820 <601ig/l United ~ ~ et aL study 133 counties in 26 states of the white males expected in a population at risk of 2,498,185. 75 million States 

S" 

b. (2004) contiguous United States 
Person-Years of observation 

~ er 
S ' sf Median county values a ~ 3-6011111 
H 82X of population at 3-

SJ.Ig/1 i;3 

b .. 

2 

=t 
9 Han et aL Ecological Ground water [As] estimates Bladder cancer cases diagnosed 1991-2005 Low As <2 J.lg/1 960 cases/354.970 N- 23 counties No increased cancer Idaho 

~ 
(2009) study in all 44 counties of the state with a total risk at any level tested H population of 1.2 million 

<2to>10~ s Med As 2-<10 Jlg/1 N • 16 counties 1895 cases/640.588 
High As >10 llill N • 5 counties 675 cases/220,728 10 Meliker Case- Water (As] estimates lnddent urinary bladder cancer cases 411 cases/566 controls drawn from 11 counties with a .;;10 j.lg/1 SE I 

et aL control 
total population of 260,000 Michigan 

(2010) study 
11 Baastrup Cohort Water [As] estimates lnddent bladder cancer cases 214 cases/57,053 population at risk 25.3 J.lg/1 max Denmark 

et aL study 
(2008) 

~ 
Mean 1.2 IlK/I 

z i Median 0. 7 J.lg/1 
fl 

• Tabled studies are restricted to those performed In US and :European populations In which arsenic In drinking water values are .;;200 111/l and studies from Taiwan in which arsenic in drinking water values are .;300 j.lg/1. s. I 
b Estimated arsenic drinking water concentration which no significant increase In bladder cancer was observed. 

i ~ ... 
p l 

' I ~ 
;; 

..... 
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474 A critical review of epidemiology studies that provide adequate In condusion,Jntegration of the available in vivo, in vitro, pharma- 540 475 exposure information. specifically at low drinking water concen- ookinetic and epidemiological evidence support an acceptable arsenic 541 476 trations ( ~300 ppb) of arsenic, and also investigate the relationship concentration in drinking water below 100 ppb, with the evidence 542 477 between exposure to arsenic and bladder cancer, was conducted from in vitro studies suggesting this acceptable concentration is In 543 478 (Table 5) (Gentry et al., 2014). There is a lack of strong evidence the range of7-43 j.lg/L As noted previously, additional work in the 544 479 for the incidence of bladder cancer from these studies, consistent lung is ongoing by the study authors to determine if a similar thresh- 545 480 with the results from recent meter-analyses. old for arsenic effects can be determined for other target organs. It is 546 481 Mink et a!. (2008) conducted a meta-analysis of ·tow-level important to note that this acceptable concentration should be pro- 547 482 (<100-200 J.Lg/1) arsenic in drinking water and bladder cancer epi- tective for both cancer and noncancer effects in the bladder as the 548 483 demiology studies. Heterogeneity across studies, and study design estimate is based on a NOEL for any effect on bladder cells. This pro- 549 484 and sample size issues were examined in eight case-control and vides an estimate of an acceptable "no effect" exposure level for 550 485 cohort studies that met inclusion criteria. The authors concluded arsenic in drinking water. The in vitro results suggest no impact on 551 486 that low-level arsenic exposure alone was not shown to be an inde- biological pathways in this range of exposure concentrations. 552 487 pendent risk factor for bladder cancer across these eight studies. In While this assessment represents an initial estimate based on 553 488 a recent updated meta-analysis (Tsuji et al., 20131 nine case-con- in vitro results and an uncomplicated approach for the consider- 554 489 trol and cohort studies were included. Consistent with the original ation of interhuman pharmacokinetic variability, pharmacokinetic 555 490 findings, no significant association between low-level arsenic models. sudt as those developed by EI-Masri and Kenyon (2008) 556 491 exposure and bladder cancer was observed (RR•1.07; 95% and Mann et al. (1996a, 1996b) could be used to further refine 557 492 Cl• 0.95-1.26; p value for heterogeneity .. 0.54). Therefore. the the estimated acceptable drinking water concentrations. These 558 493 estimated range of drinking water concentrations associated with models may well assist in the estimation of exposure concentra- 559 494 no potential effects on the bladder relying upon in vitro results tions that could result in the bladder/urine concentrations of 560 495 appears consistent with the available data from studies conducted arsenic metabolites that have been reported in human populations 561 496 in human populations. (Sun et al., 2007: Klle et al., 2009; Fillol et al., 2010: Rivera-Nunez 562 497 The range of estimated total arsenic urinary concentrations that et al .. 201 n However, it is critical that exposures in populations be 563 498 would be associated with no effects on the bladder based on the characterized as accurately as possible. Exposure mlsdassification 564 499 in vitro results (21-104 ~g/1) also appears to be consistent with in epidemiology studies, particularly at arsenic drinking water con- 565 soo total arsenic urinary concentrations reported in control or refer- centrations below 100 ppb, has been conventionally asserted to 566 sot ence populations reporting no effects of arsenic exposure. In stud- result nearly exclusively in a trend toward the null or in observing 567 502 ies conducted by Del Razo et al.. (1997) and Valenzuela et al. no health effects at these levels of exposure with the Implication 568 503 (2005 ), control populations were evaluated in which no signs of that there could still exist "unobserved" health effects. Crump 569 504 arsenicism or skin lesions were noted. The total arsenic urinary (2005) has convindngly demonstrated, however, that exposure 570 505 concentrations reported in these studies ranged from 5 to 63 JJ.g/ misclassification in epidemiology studies transforms an exposure 571 506 I. In addition, Del Ra1.o et al. (1997) noted sum of arsenic urinary response relationship in the direction toward supralinear (i.e., 572 507 concentrations from 4 other control populations, with no effects tends to linearize a sublinear dose-response curve). Thus, the rep- 573 508 of arsenic (Smith et al., 1977: Farmer and johnson, 1990; etitious sole application of epidemiological methods to a wide 574 509 Y;unauchi et al., 1989: Del Ra1.o et al~ 1994) that ranged from 4.4 range of human populations has been unable to satisfactorily 575 510 to 50.1 ~g/l.ln a recent study conducted in Vietnam (Agusa et al., resolve this issue. 576 511 2013 ), the range of the sum of arsenic species in the urine, adjusted The application of an integrated approach is consistent with the 577 512 for creatinine, in the reference village (4-118 JJ.g/g creatinine)were need expressed by both regulatory bodies and the scientific com- 578 513 comparable to the concentrations in the Del Razo et al. (1997) and munity to harmonize risk assessments for cancer and noncancer 579 514 Valenzuela et al. (2005) control populations or those with no signs endpoints. The significance of the integration of approaches for 580 515 of arsenicism (14.8-371.7 J.Lg/g creatinine) (Table 4). In addition, health effects in general have been reported by previous investiga- 581 516 they were comparable with the urinary arsenic concentrations tors (Bukowski and Lewis, 2004; Clewell and Crump, 2005), includ- 582 517 reported by Valenzuela et al. (2005) for those exposed individuals ing implications for cost-benefit and risk assessment for inorganic 583 518 for which no effects of arsenic were observed (Table 4~ Therefore, arsenic. 
584 519 reliance upon the low end of the range of estimated total arsenic This study relies upon mode of action results from in vitro stud- 585 520 urinary concentrations associated with the NOEL from the ies at biologically plausible arsenic concentrations and uses human 586 521 in vitro data (21 J.Lg/1) is consistent with total urinary arsenic con- genome-wide gene expression and pathway endpoints that are rei- 587 522 centrations from "control" populations who by definition have no evant for both noncancer and cancer endpoints In harmonizing 588 523 untoward health effects associated with arsenic exposure. mode of action results from in vitro studies in human primary cells 589 524 In the Normandin et al. (2013) study, an analysis was also con- with observational data from epidemiology studies, this study is the 590 525 ducted to evaluate the presence of 8-hydroxy-2'-deoxyguanosine 

;26 (8-0HdG ). in the urine. 8-0HdG is a sensitive marker of DNAdam-
first to quantitatively estimate a concentration range of arsenic in 591 drinking water that is highly unlikely to induce changes in human 592 m age resulting from oxidative stress. Studies conducted by gene expression or perturbations in pathways that lead to key 593 i28 Yamauchi et al. (2004) and fujino et al. (2005) have demonstrated events in the progression to frank cancer or noncancer endpoints. 594 i29 increases in 8-0HdG levels in the urine of individuals following 

i30 chronic consumption of drinking water containing >100 J.Lg/1 
i31 arsenic. In the Normandin et al. (2013) study, there was no associ- Conftlct of Interest 595 ·32 ation observed between urinary 8-0HdG levels and drinking water 
33 intake of arsenic (As) or hair, nail, or urinary exposure biomarker The authors declare that there are no conflicts of interest Q3 596 34 levels. The authors concluded that at these low concentrations 
35 ( ~140 JJ.g/1), a lack of association suggests that there is no signifi- Acknowledgements 597 36 cant indication ofimpending early toxic effects of arsenic exposure. 
37 These results are consistent with results presented by Burgess et al. This work was supported by the Electric Power Research lnsti- 598 38 (2007) in which no significant association between water arsenic tute. "These opinions are those of the authors and do not necessar- 599 39 exposure <40 JJ.g/1 and urinary 8-0HdG levels were observed. ily reflect the views of the Electric Power Researdt Institute." 600 
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Bohn, Brent 

From: Philpott, Olivia 
Sent: 
To: 

Thursday, July 24, 2014 1 0:20 AM 
Powers, Christina 

Subject: RE: Conference line request: Friday, 7/2510:30-11:30 a.m. 

Hi Christy, 
Your request for the conference line is scheduled. 

Regards 

Olivia Philpott 

Information Management Technician I NCBA 
National Center for Environmental Assessment 
Research Triangle Park Division 
U.S. Protection Agency 

Research Triangle Park. NC 27711 
Phone. (919) 541-4915 

From: Powers, Christina 
Sent: Thursday, July 24, 2014 8:28AM 
To: Philpott, Olivia 
Cc: Powers, Christina 
Subject: Conference line request: Friday, 7/25 10:30-11:30 a.m. 

Hi Olivia, 

Is the conference line available tomorrow morning from 10:30-11:30 a.m.? If so, can you put my name down for it? 

Thanks so much for your time and assistance! 

Christy 

Christy Powers 
Biologist 
National Center for Environmental Assessment (B 220-1) 
Office of Research and Development 
U.S . Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail: powers.christina@epa.gov 

Notice (If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, schedule, or terms and conditions of the contract. If the receiver does construe it otherwise, please notify me immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: Powers, Christina 
Sent: 
To: 

Thursday, July 24, 2014 8:28AM 
Philpott, Olivia 

Cc: Powers, Christina 
Subject: Conference line request: Friday, 7/2510:30-11:30 a.m. 

Hi Olivia, 

Is the conference line available tomorrow morning from 10:30-11:30 a.m.? If so, can you put my name down for it? 

Thanks so much for your time and assistance! 

Christy 

Christy Powers 
Biologist 
National Center for Environmental Assessment (B 220-1) 
Office of Research and Development 
U.S. Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail: powers.christina@epa.gov 

Notice (If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, schedule, or terms and conditions of the contract. If the receiver does construe it otherwise, please notify me immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 

Powers, Christina 
Thursday, July 24, 2014 8:25AM 
Lee, Janice; Gift, Jeff 
Powers, Christina 
RE: iAs Decision Tree for Data to Inform Dose-Response 

Thanks Jeff and Janice I I'll send a calendar invite for 10:30 a.m. tomorrow morning. 

Look forward to talking then but let me know if any questions come up in the interim. 

Christy 

From: Lee, Janice 
Sent: Thursday, July 24, 2014 8:13 AM 
To: Gift, Jeff; Powers, Christina 
Subject: RE: iAs Decision Tree for Data to Inform Dose-Response 

Thanks, Jeff. 

175 

Friday works better for me. Today I have a ton of meetings and an agency briefing for tba, so I won't have time today. Tomorrow I am free 10:30-12 or anytime after 1. 
If it works better, I can also meet Monday. 

Janice 

From: Gift, Jeff 
Sent: Wednesday, July 23, 2014 5:32 PM 
To: Powers, Christina 
Cc: Lee, Janice 
Subject: RE: lAs Decision Tree for Data to Inform Dose-Response 

Yes, I can meet to discuss. Is Friday good for you guys? Or tomorrow morning, if I can study it by then. 

Jeff Gift, Ph.D. 
National Center for Environmental Assessment 
EPA (8243-01) 
RTP, NC 27711 
919-541-4828 
919-541-0245 (fax) 
qift.jeff@epa.gov 

From: Powers, Christina 
Sent: Wednesday, July 23, 2014 11:48 AM 
To: Gift, Jeff 
Cc: Lee, Janice; Powers, Christina 
Subject: iAs Decision Tree for Data to Inform Dose-Response 

Hi Jeff, 

1 



The iAs AOP Team is developing a decision tree to communicate the value of mechanistic data in dose response analyses in the assessment. Based on some of our earlier discussions, I know you could offer a wealth of insight on the content of this decision tree. Do you have time to meet with Janice and I to discuss this week? 

I'm attaching a draft of a similar decision tree that we developed for making a causality determination to provide an idea of the product we have in mind. For the dose-response decision tree we would use a different set of questions (green outline boxes) to guide when we look to human, animal, or mechanistic data. 

As always, don't hesitate to contact me if any additional information would be helpful ahead of a discussion. 

Thanks! 
Christy 

Christy Powers 
Biologist 
National Center for Environmental Assessment (B 220-1} 
Office of Research and Development 
U.S. Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail: powers.christina@epa.gov 

Notice (If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, schedule, or terms and conditions of the contract. If the receiver does construe it otherwise, please notify me immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: Lee, Janice 
Sent: 
To: 

Thursday, July 24, 2014 8:13AM 
Gift, Jeff; Powers, Christina 

Subject: RE: iAs Decision Tree for Data to Inform Dose-Response 

Thanks, Jeff. 
Friday works better for me. Today I have a ton of meetings and an agency briefing for tba, so I won't have time today. Tomorrow I am free 10:30-12 or anytime after 1. 
If it works better, I can also meet Monday. 

Janice 

From: Gift, Jeff 
Sent: Wednesday, July 23, 2014 5:32 PM 
To: Powers, Christina 
Cc: Lee, Janice 
Subject: RE: iAs De~ision Tree for Data to Inform Dose-Response 

Yes, I can meet to discuss. Is Friday good for you guys? Or tomorrow morning, if I can study it by then. 

Jeff Gift, Ph.D. 
National Center for Environmental Assessment 
EPA (8243-01) 
RTP, NC 27711 
919-541-4828 
919-541-0245 (fax) 
gift.jeff@epa.gov 

From: Powers, Christina 
Sent: Wednesday, July 23, 2014 11:48 AM 
To: Gift, Jeff 
Cc: Lee, Janice; Powers, Christina 
Subject: iAs Decision Tree for Data to Inform Dose-Response 

Hi Jeff, 

The iAs AOP Team is developing a decision tree to communicate the value of mechanistic data in dose response analyses in the assessment. Based on some of our earlier discussions, I know you could offer a wealth of insight on the content of this decision tree. Do you have time to meet with Janice and I to discuss this week? 

I'm attaching a draft of a similar decision tree that we developed for making a causality determination to provide an idea of the product we have in mind. For the dose-response decision tree we would use a different set of questions (green outline boxes) to guide when we look to human, animal, or mechanistic data. 

As always, don't hesitate to contact me if any additional information would be helpful ahead of a discussion. 

Thanks! 
Christy 

Christy Powers 
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Biologist 
National Center for Environmental Assessment (B 220-1} 
Office of Research and Development 
U.S. Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail: powers.christina@epa.gov 

Notice (If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, schedule, or terms and conditions of the contract. If the receiver does construe it otherwise, please notify me immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: Gift, Jeff 
Sent: 
To: 

Wednesday, July 23, 2014 5:32 PM 
Powers, Christina 

Cc: Lee, Janice 
Subject: RE: iAs pecision Tree for Data to Inform Dose-Response 

Yes, I can meet to discuss. Is Friday good for you guys? Or tomorrow morning, if I can study it by then. 

Jeff Gift, Ph.D. 
National Center for Environmental Assessment 
EPA (8243-01) 
RTP, NC2n11 
919-541-4828 
919-541-0245 (fax) 
gift.jeff@epa.gov 

From: Powers, Christina 
Sent: Wednesday, July 23, 2014 11:48 AM 
To: Gift, Jeff · 
Cc: Lee, Janice; Powers, Christina 
Subject: iAs Decision Tree for Data to Inform Dose-Response 

Hi Jeff, 

The iAs AOP Team is developing a decision tree to communicate the value of mechanistic data in dose response analyses 
in the assessment. Based on some of our earlier discussions, I know you could offer a wealth of insight on the content of 
this decision tree. Do you have time to meet with Janice and I to discuss this week? 

I'm attaching a draft of a similar decision tree that we developed for making a causality determination to provide an idea 
of the product we have in mind. For the dose-response decision tree we would use a different set of questions (green 
outline boxes) to guide when we look to human, animal, or mechanistic data. 

As always, don't hesitate to contact me if any additional information would be helpful ahead of a discussion. 

Thanks! 
Christy 

Christy Powers 
Biologist 
National Center for Environmental Assessment (B 220-1) 
Office of Research and Development 
U.S. Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail : powers.christina@epa.gov 
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Notice (If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, schedule, or terms and conditions of the contract. If the receiver does construe it otherwise, please notify me 
immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: 
Sent: 
To: 
Subject: 

Hey Christy, 

Lee, Janice 
Wednesday, July 23, 2014 2:10PM 
Powers, Christina 
VOl decision tree 

Talked to Audrey about setting up a meeting to discuss MOA. Would you be comfortable sharing the draft decision tree 
at this point? She thought it might be useful to see at this point 

Janice 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Hi Jeff, 

Powers, Christina 
Wednesday, July 23, 2014 11:48 AM 
Gift, Jeff 
Lee, Janice; Powers, Christina 
iAs Decision Tree for Data to Inform Dose-Response 
2014 07 22 lAs Mechanistic Data Vol Decision Tree_DRAFT.pptx 

jtJOZ-

The iAs AOP Team is developing a decision tree to communicate the value of mechanistic data in dose response analyses 
in the assessment. Based on some of our earlier discussions, I know you could offer a wealth of insight on the content of 
this decision tree. Do you have time to meet with Janice and I to discuss this week? 

I'm attaching a draft of a similar decision tree that we developed for making a causality determination to provide an idea 
of the product we have in mind. For the dose-response decision tree we would use a different set of questions (green 
outline boxes) to guide when we look to human, animal, or mechanistic data. 

As always, don't hesitate to contact me if any additional information would be helpful ahead of a discussion. 

Thanks! 
Christy 

Christy Powers 
Biologist 
National Center for Environmental Assessment (B 220-1) 
Office of Research and Development 
U.S. Environmental Protection Agency 
Ann Arbor, Ml 

Tel: 734.214.4243 
E-mail: powers.christina@epa.gov 

Notice {If This Communication Regards a Contract): Nothing in this message shall be construed as a change to the price, 
schedule, or terms and conditions of the contract. If the receiver does construe it otherwise, please notify me 
immediately so that proper contract action can be initiated. 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 

Powers, Christina 
Monday, July 21, 2014 11:20 AM 
Lee, Janice 
Powers, Chr.istina 
RE: aop abstract 

/0 If 

Thanks Janice! Can you send the Word copy of the abstract that you shared with Jeff and the team? I'd like to start from that copy to revise/ check-in with the team on any additional revisions. 

Hope you had a great weekend too! 
Christy 

-----Original Message----
From: Lee, Janice 
Sent: Monday, July 21,2014 9:23AM 
To: Powers, Christina · 
Subject: FW: aop abstract 

Hi Christy, 

Here is Jeffs review. I can make the changes, but figured it might be easier for you to make them since it's going through clearance on your end. 
Hope you had a nice weekend! 

Janice 

-----Original Message-----
From: EZTech_Printer [mailto:EZTek@epagov] 
Sent: Monday, July 21,2014 9:14AM 
To: Lee, Janice 
Subject: aop abstract 

Please open the attached document. This document was digitally sent to you using an HP Digital Sending device. 
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Bohn, Brent 

From: 
Sent: 
To: 
Cc: 
Subject: 

Hi Christy, 

Gift, Jeff 
Thursday, July 17, 201411:39AM 
Powers, Christina 
Lee, Janice 
Happy to review the abstract 

Janice gave me the arsenic abstract you guys want reviewed. I should be able to finish the review this week. 

Cheers, 
Jeff 

Jeff Gift, Ph.D. 
National Center for Environmental Assessment 
EPA (8243-01) 
RTP, NC2n11 
919-541-4828 
919-541-0245 (fax) 
gift.jeff@epa.gov 
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